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Introduction
Much of the Western world has concerns about the ageing of the population and the level of finance needed to support the elderly. Britain and Germany are no exception, and the problem in these countries is exacerbated by increasing early exit of older workers from the labour market. The policy debate has focused on direct changes to retirement ages and incentives designed to encourage greater pension saving. This debate has neglected the important role of the health as a primary determinant of whether or not older workers remain in the labour market.
Potential explanations for the trend towards a decreasing retirement age include more generous social security systems and increases in wealth compared with some decades ago. In addition more generous health and disability insurance systems reduce the adverse financial consequences for individuals in poor health who drop out of the labour market. The 'disability route' into retirement has been identified as an important phenomenon of the labour market in both countries (Riphahn, 1997; Blundell, Meghir and Smith, 2002) .
Despite shared pressures there are differences between the two countries. Labour force participation of workers aged 55-64 is around 58% in Britain and only 43% in Germany. Of the economically inactive in this age group 13% describe themselves as retired in the UK and 14% as ill or disabled, whereas in Germany these figures are 29% and 4% respectively (Frerichs and Taylor, 2005) . It is likely that these differences are a result of, inter alia, differences in the countries' pensions and benefits arrangements, rather than differences in health per se.
The primary motivation of this paper is to understand the effect of health on the decision of older workers to leave the labour market. While some evidence exists for Britain and Germany, there is no systematic comparative work to assess whether the impact of ill-health on early retirement varies between the countries and in particular whether it varies according to levels of social protection offered by the pension and transfer schemes.
We use comparable longitudinal data sets to estimate hazard models of the effect of health on early retirement. We condition on a broad set of socio-economic characteristics such as education, pension entitlement, housing tenure, and income; we also take account of spouse health and employment status. We make efforts to deal with the potential endogeneity of health, as well as the reporting bias that may result from our use of self-reported health measures. We also take care to ensure that our variables, and thus our results, are comparable across the two countries.
Another important issue is the fact that both health and income inequalities have been shown to be much greater in Britain than in Germany 1 . One of the main reasons seems to be the difference in the relative position of the retired, who, in Britain, are much more concentrated in the lower income groups. Hence, we also examine concentration curves for income related health inequalities and early retirement.
This analysis reveals that while the distribution of health shocks is more concentrated among those on low incomes in Britain, early retirement is more concentrated among those on high incomes. In contrast, in Germany, both health shocks and early retirement are more concentrated among those with low incomes. It seems that the income gradient in early retirement in Britain is offsetting the inequality in health shocks. The results from our models show that health is a key determinant of the retirement hazard for both men and women in Britain and Germany. The size of the health effect appears large compared to the other variables, and in particular in relation to the pension entitlement effects in both countries.
Designing financial incentives to encourage people to work for longer may not be sufficient as a policy tool if people are leaving the labour market involuntarily due to health problems. Indeed in this context even raising the statutory retirement age may have a lower effect than anticipated. Instead there is a need to improve the health of the work force and put resources into facilitating continued work for people with health problems and disabilities. This paper is structured as follows. Section 2 outlines the background to our work, Section 3 explains our methods and Section 4 describes our data and variables. The results are presented in Section 5 and discussed in Sections 6. Section 7 concludes and considers the policy implications of our work.
Background
Individuals have preferences over current and future leisure which depend in part on current and expected health status (see for example Lazear, 1986 , Disney et al., 2006 . Poorer health may increase the disutility of work, reduce the return from work and entitle the individual to benefits that are contingent on not working.
All of these factors will reduce the probability of continued work. However, poorer health may increase consumption requirements and therefore necessitate higher income; but if poorer health also reduces life expectancy then the annualised consumption available from existing wealth is raised, and this may still lead to earlier retirement.
Health effects operate within the pensions and benefits system, and there is an enormous literature on the importance of these financial incentives in determining retirement behaviour 2 . However, Lindeboom (2006) in a comprehensive review, argues that a number of studies have shown that health is the most important determinant of an older persons' labour supply. A survey for the UK Department for Work and Pensions (Humphrey et al 2003) found that 50% of people aged between 50 and 69 were not seeking work due to illhealth, and 20% had been forced to retire because of ill-health. For Germany, Siddiqui (1997a Siddiqui ( , 1997b finds strong effects of health on retirement behaviour. Individuals reporting a chronic condition or a disability are four times more likely to leave employment than healthy individuals.
Our focus is on health but it is important to stress some of the key differences between Britain and Germany in relation to pensions and benefits. In both countries disability benefits are available before statutory retirement age. In Germany, the rate depends on the extent of disability and an earnings test. Eligibility tends to have been interpreted generously and has been used as a device to keep unemployment rates down.
In Britain, Incapacity Benefit (IB) is available to those unable to work because of ill-health or disability; it is paid at one of three rates, depending on the length of time the individual has been unable to work. IB replaced Invalidity Benefit in 1995, accompanied by stricter eligibility criteria, in response to a rapid growth in the number of recipients. These changes reduced economic incentives to retire via the 'disability route' and in principle strengthened the link between true work-related disability and inactivity. However, Berthoud (2004) and Peasgood et al (2006) find that after controlling for health, the probability of leaving IB declines with age and the majority of economically inactive people aged 50 to 65 are in receipt of IB.
In general, except in the case of very low earners, Germany has a more generous pension system than Britain. At almost all earnings levels the net replacement rate (NRR) is much higher in Germany 3 . For example, at average earnings, the NRR is 72% in Germany and only 48% in Britain (OECD, 2005) 4 . While private pensions in Britain compensate to some extent, these are only held by 25% of men in our sample and 12% of women. This two tier pension system contributes to inequality, compared to the more homogenous pension benefits available in Germany. In Britain around 33% of pensioners claim means tested benefits whereas in Germany it is less than 5% (Oswald, 1999; p10) . However, inequality and poverty among older people in Germany are expected to increase as a result of pressures on the pension system (Nagaele and Walker, 2002) . Work from the ECuity projects has shown that older people are among the poorest and least healthy in most European countries, so as populations age the potential for increased inequality is clear.
There is also a weight of evidence supporting the importance of the joint determination of the retirement decision of husbands and wives 5 (see for example Michaud, 2003; Gustman and Steinmeier, 2000; JimenezMartin et al 1999; Blau and Riphahn, 1999) . The effect of the health status of both partners on each others retirement decision has been largely neglected. This is an important omission because, for example, early retirement can be caused by the necessity to provide care for a dependent spouse.
Methods
Estimating the effect of health on early retirement is not straightforward, especially using the subjective measures of health that are generally available in longitudinal data sets. First, there may be simultaneity between self-assessed health (SAH) and labour market status. Secondly, SAH is based on subjective judgements which may not be comparable across individuals (Lindeboom and van Doorslaer 2004) . Thirdly, since ill-health may represent a legitimate reason to be economically inactive, respondents who are not working may cite health problems as a way to rationalize behaviour (Kerkhofs and Lindeboom 1995; Kreider, 1999) . Fourthly, individuals for whom the financial rewards of continuing in the labour force are low, have an incentive to report ill-health as means of obtaining disability benefits. While measurement error will lead to downward bias in the estimate of the effects of health on labour market status, the other effects will lead to upward bias (Bound 1991) . The common assumption in the literature seems to be that the latter outweighs the former but Bound et al. (1995) point out that the empirical evidence is mixed.
We employ a method first used by Stern (1989) and Bound (1991) , which was implemented in Bound et al., (1999) and subsequently adopted by Au et al., (2005) and Disney et al., (2006) . In common with many studies of health and socio-economic status, the SAH measure used in our models provides an ordinal ranking of perceived health status. For example, the data for Britain is derived from the question: " …would you say that your health has on the whole been excellent/good/fair/poor/very poor?". The method involves estimating a model of this ordinal SAH variable as a function of a set of health indicators (see Data section) to define a latent 'health stock' variable. This predicted health variable is then used as an indicator of health in the model of retirement. Adopting this instrumental variable-type procedure where a proxy with error is used to instrument an endogenous and error-ridden variable is a standard way of dealing empirically with errors-in-variables (see also, Griliches, 1974 and Fuller, 1987) . To investigate the robustness of our results we use alternative measures of health; for Germany we use SAH directly, and for Britain we use a measure of health limitations, which is arguably less prone to reporting bias than SAH.
We use the duration model approach of Jenkins (1995) to estimate the effect of health on the probability of early retirement. The transition to retirement is represented as a discrete time hazard model. This method relies on a reorganisation of the data so that the unit of analysis is changed from the individual to the time at risk of an event (in this case retirement), thus allowing a complex sequence likelihood to be simplified to standard estimation for a binary outcome. The approach also controls for the stock sampling of only those people who are in the labour market at the first time we observe them. These individuals can then either stay in the labour force or exit into retirement. The assumption here is of a single exit (retirement) from the initial state, modelled as a binary response (probit).
We specify a complementary log-log hazard rate, the discrete-time counterpart of the hazard for an underlying continuous-time proportional hazards model (Prentice and Gloeckler, 1978) . The baseline hazard is modelled as a step function, using dummy variables to represent the age our stock sample of individuals is at risk. This non-parametric form leads to a semi-parametric specification of the discrete-time duration model. The model can be generalised to account for unobserved heterogeneity uncorrelated with the explanatory variables (Narendrenathan and Stewart, 1993) . All estimation is carried out in STATA using the pgmhaz routine (Jenkins, 1997) .
Of further relevance is whether a change in labour market status is best identified by a health shock or by, for example, a slow deterioration in health 6 . Modelling health shocks is a convenient way to eliminate one source of potential endogeneity bias caused through correlation between individual-specific unobserved factors and health because differencing the data over consecutive time periods eliminates unobserved individual effects.
We include a measure of lagged health together with initial period health in our models. By conditioning on initial period health the coefficient on lagged health represents the effect of a health shock. It also seems plausible that lagged health may be more informative about the decision to retire because transitions take time. This also reduces fears of endogeneity bias, exploiting the timing of events by observing the effect of health shocks prior to the time of retirement (for example, see Abring and van den Berg, 2003) .
Attrition is generally a problem with longitudinal data and this may be health-related 7 , or be related to labour market status (for example, see Zabel (1998) and Ziliak and Kniesner (1998) ). A systematic relationship between health and labour market participation and attrition will lead to bias in our empirical models. To test for such bias we use a simple variable addition test as proposed by Verbeek and Nijman (1992, p. 688) . The test variable we use is an indicator for whether the individual responds in the subsequent wave. This is regressed, together with the set of conditioning variables, on the retirement indicator using the discrete-time duration framework. A test of the significance on the corresponding parameter estimate provides a test for attrition bias 8 . 6 We use the term health shock, as it has been traditionally used in the literature, to mean deterioration in health over a set time period (usually one or two years in our analysis). 7 See Contoyannis, Jones, and Rice (2004) and Jones, Koolman, and Rice, N. (2006) for a discussion of health-related attrition and the consequences for models of the determinants of health using the BHPS. 8 It should be noted that the test has low power and is not intended to correct for any observed attrition bias (Verbeek, 2000) .
As well as duration models for retirement, we also examine concentration curves (CCs) for income related health inequalities and early retirement. This takes the sample of older workers who are 'at risk' of early retirement and looks at the incidence of subsequent health shocks that may be associated with subsequent early retirement. The CCs provide measures of relative income-related health inequality (Wagstaff, Van Doorslaer and Paci, 1989) . These measures capture the socioeconomic dimension of health inequalities, use information from the whole of the distribution rather than just the extremes and give the possibility of visual representation.
Data and Variables
Three main data sources are used in this study. The first two are nationally representative longitudinal surveys for Britain and Germany that include a rich set of socio-economic variables. In the German Socio-economic While the BHPS and GSOEP are generally thought to be equivalent types of data they do not have crossnational comparability as a survey goal. We supplement the individual country surveys with information from the Cross National Equivalent File (CNEF). This is the result of collaboration between researchers working with longitudinal data from individual countries 9 ; the aim of which is to produce compatible data sets for use in cross-national research. The CNEF unites comparably defined variables from the BHPS and the GSOEP that can be used independently or in tandem with the original survey data. In addition, it provides a set of constructed variables that are not immediately available in the original data (for example 'pre-and post-government' household income 10 ). Distributions of key variables were produced to check for data quality and compatibility between the three data sets.
We consider the same time period for Britain and Germany, from 1991 to 2002. The econometric analysis uses a stock sample, which consists of those individuals who were aged 50 or over and had a full interview and were in the labour force (employed or self-employed) in wave 1 of the survey. For Britain we start with 641 men and 494 women, and for Germany 790 and 396. The samples are reduced over time by attrition, which largely arises through refusal, non-contact and because people become ineligible to participate. For 9 The US, Germany, Britain, Canada and Australia provide longitudinal data for the CNEF. 10 Pre-(post-) government income is household income before (after) taxes and transfers.
both the BHPS and the GSOEP we start with just over 1100 people and this is reduced by over one third by the end of the period. At this time almost half of the original sample is retired.
All variable codes and definitions are summarised in the Appendix. The dependent variable is retirement status and in line with previous work, the definition of retirement is self-reported 11 . We model the first transition out of labour market activity 12 ; it is a dichotomous variable that takes a value 1 if the individual is retired and 0 otherwise.
The key explanatory variable is health status and this is constructed using the general SAH question from the BHPS and the GSOEP 13 . For the BHPS the standard question is 'over the last 12 months, compared to people of your own age, would you say your health on the whole has been: excellent, good, fair, poor, very poor'. For the GSOEP the question is 'how would describe your current state of health: very good, good, satisfactory, poor, bad.' Unfortunately, as is often the case in longitudinal studies, there are some inconsistencies in these questions over time in both countries 14 . This leads us to construct a 4-point SAH classification for each wave, as shown below: This SAH variable is used to create a latent health stock variable as described in the Methods section, for use in our duration models of early retirement. For the UK we estimate health stock by regressing SAH (via an ordered probit model) on a set of 'specific health problems'. Here the respondent is asked whether or not they have any of the problems listed: arms, legs or hands, sight, hearing, skin conditions or allergies, chest/breathing, heart/blood pressure, stomach or digestion, diabetes, anxiety or depression, alcohol or 11 As has already been noted in the literature (e.g. Bardasi et al 2002; Disney et al 1994) retirement is not a well-defined state. We have cross checked self-reported retirement status data with income source data (for Britain) and time use data (for Germany) in order to assess its reliability. While certainly not perfect as an indicator of retired status, the selfreported measure is suitable for our analysis. 12 Of those people aged over 50 and retired in any one wave, a small proportion are participating in the labour market again in subsequent waves. Subsequent transitions could be analysed but, due to the small sample sizes, we have chosen not to pursue this. 13 We rejected the CNEF health variable on the grounds of poor comparability across the two countries. 14 In the BHPS there is a change in wording for wave 9 only to 'In general would you say your health is: excellent, very good, good, fair, poor.' To achieve consistency over all waves we base our 4-point reclassification on the analysis in HernandezQuevedo, Jones and Rice (2005) . In the GSOEP the question was not asked in 1991 or 1993; in these years the 11 point 'satisfaction with health' question was available, so the distributions for these variables were matched to our constructed 4 point scale in 1992 and 1994 in order to create data for the missing years. In addition the 5 point scale health question was not asked in 1991 for East Germany so the 1990 values are used in its place. In addition to the models using latent health stock for both countries, alternative health measures have been examined. For the UK, we use self-reported functional limitations, based on the question "does your health in any way limit your daily activities compared to most people of your age?" 17 , which is arguably less prone to reporting bias than the general SAH question. For Germany, an alternative health measure is not available so the original ordinal SAH scale is used directly in estimating the retirement hazard rates.
As well as individual's own health, the models for the UK include spousal health defined as either the latent health stock index or functional limitations. The models for Germany include either spousal SAH or the latent health stock index. Both models also include a dummy for whether or not the spouse is employed.
Education is classified as a series of binary dummies. In Germany, the distinction is made between individuals who have received only mandatory schooling (the reference group) and those with higher levels of education. For Britain, the reference group are people with no formal qualifications, and dummy variables are defined for O-levels and CSEs, HND and A-level and higher education and beyond.
For the BHPS we distinguish three categories of pension: state pension only (base), private and employer pension. It is expected that the latter category results in the most generous retirement income and reliance on a state pension is likely to result in the lowest post-retirement income. In the models for Britain we also include dummy variables for employment sector and occupational classification which act partly as proxies for pension benefits: industrial sectors are private companies, civil service and local government, and other the baseline is self-employment. Occupational categories are management and administration, professional, clerical and secretarial, craft or related, personal services, sales, plant operative and other occupations. For the GSOEP there is less heterogeneity in pension coverage and the important distinction is between Class 1 civil servants and everyone else, since the civil service pension has more generous benefits. The German models also include dummies for industrial sector (agriculture, energy, manufacturing, construction, trade, transport, banking and services, and the baseline, mining).
The housing tenure variable is used to proxy for wealth and social class. For the BHPS we define four binary dummies: own house outright (base), own with a mortgage, live in private rented accommodation, live in housing association or local authority rented accommodation. For the GSOEP we have two binary dummies: owner occupier and those who live in subsidised housing.
For Britain, the income variable is the individual specific mean of log equivalised household income across all waves prior to retirement. We use only pre-retirement waves in order to minimise endogeneity problems (as income will normally change significantly at retirement). For Germany the equivalent variable is the mean of the log of household post-government income.
We distinguish those people who are married or living as a couple from those who are single, widowed or divorced. Dummies are included for each age prior to statutory retirement age (65 for men and 60 for women). Regional dummies are used to control for local labour market conditions. There are 18 regions defined for the UK and dummies for the North and South of Germany; the estimated coefficients are not reported. In Germany there are also variables that denote a person originally being from East Germany and that the individual does not have German citizenship.
Results
The descriptive statistics in Table 1 show key measures for the two countries disaggregated by gender and by pre-and post-retirement. Overall for both countries just over one-third of the sample retires during the time period under observation. The health profiles are similar, although a larger proportion of the German sample report health in the 'excellent' category, with slightly less in 'very good or good'. For both countries, the post-retirement sample exhibits worse health. In Britain substantially more men than women have a private or employer pension. Around 25% of men and 50% of women have only a state pension. In Germany around 10% of men and 2% of women have the more generous Class 1 civil servants pension entitlement.
Figures 1 and 2 display Kaplan-Meier estimates of the probability of survival (not retiring) by SAH status separately for (a) men and (b) women in both countries. For men in the UK there seems to be a clear relationship with the probability of retiring (at all ages) increasing with worsening SAH. For UK women the relationship is not clear. In Germany, while both men and women with the lowest SAH status have the greatest probability of retirement at all ages there is no clear gradient for the other health levels. KaplanMeier curves for the alternative health measure (the dichotomous health limitations variable)) which are not reported here, show a very a clear relationship for both sexes for both countries, in that people who report health limitations have a greater propensity to retire at all ages than those who do not report health limitations. Thus this simple bivariate analysis suggests that health (especially classified as health limitations)
is important the timing of retirement.
Before the econometric modelling it is useful to consider the extent of income related health and early retirement inequality in Britain and Germany. We use balanced samples for the concentration curve (CC) analysis, based on our stock samples in wave 1. Individuals are ranked by socioeconomic status using equivalised household income in wave 1 (Ri) 18 . The analysis then proceeds in two stages. The first stage considers whether there is inequality in health shocks by initial socio-economic status. The relative income rank is plotted against the cumulative proportion of health shocks; health is measured using the original 5-point SAH scales present in the country specific data (see Data section) and a health shock (Hi) is defined as a 2-point deterioration on this scale 19 . The 45-degree line shows the line of perfect equality, where population shares of health shocks are proportional to income. There is said to be pro-poor inequality if the CC lies above the 45 degree line and pro-rich inequality when the curve lies below the line. The size of inequality can be summarised by the concentration index (CI), which is twice the area between the CC and the 45-degree line.
In the second stage, we consider whether there is inequality in health-related early retirement by initial socioeconomic status. Individuals are again ranked by equivalised household income in wave 1. We then combine the health shock indicators with an indicator of early retirement (RETi ) i.e. whether or not the individual retired before the prescribed state pension age. Combining the health shock (Hi) and early retirement (RETi) variables we define the variable HRETi which equals 1 if a person suffers a health shock and retires early. Otherwise, this variable takes the value of 0. While this analysis does not imply causality, combined with our econometric analysis, it can help us to understand the relative position of older workers in relation to health related retirement.
In the balanced sample for Britain there are a total of 569 individuals (307 men and 262 women); of these, 11% of men and 7% of women experience a 2-point deterioration in SAH at some point between wave 1 and wave 12. 39% of men and 19% of women retire early; and 6% of men and 2% of women both retire early and suffer a health deterioration 20 . The balanced sample from Germany contains 567 men and 336
women. 9% of men and 7% of women suffer a 2-point deterioration in SAH. Early retirement is observed much more frequently in Germany than in Britain. More than two thirds of individuals in Germany retire before the prescribed state retirement age. 6% of men and 6% of women both retire early and experience a health deterioration.
The CCs for income related health shocks (Hi) are shown in Figure 3 . For both countries pro-poor inequality is indicated by the fact the CC is predominantly above the diagonal, suggesting that the poorest experience a disproportionate share of the health deteriorations. The degree of inequality is greater for Germany than for 18 Household income consists of labour and non-labour equivalised real income, adjusted using the Retail Price Index and equivalised by the McClement's scale to adjust for household size and composition. 19 As a robustness check, we also defined a health shock in terms of the acquisition of a health limitation for the UK. These results are not reported but are very similar to those for 2-point SAH changes.
20 Defining a health shock as a 1-point deterioration on the 5-point scale, instead of 2-points, results in larger sample sizes but does not substantively change the results of the inequality analysis.
Britain (CI 0.105 vs. -0.042). For both countries the CC does drop below the diagonal especially near the left-hand side. This suggests that at the very lowest end of the income rankings this group tend to experience a less than proportionate number of health shocks. This may be the result of our sample selection in which all respondents are working in wave 1.
The CCs for early retirement (RETi) are quite different between the two countries as shown in Figure 4 . In the UK the CC is predominantly below the diagonal indicating that early retirements are concentrated among the richest members of our sample. The CI reflects this with a value of 0.115. The opposite is found in Germany with the CC being wholly above the diagonal and with a CI of -0.059. The absolute level of inequality in early retirement is greater in the UK than Germany.
Combining early retirement and health shocks (HRETi), Figure 5 shows that for Britain we observe pro-rich inequality (CI = 0.088); while for Germany the opposite is true (CI = -0.102). For both the UK and Germany health deteriorations are concentrated among the poorest sample members. The pro-rich inequality in early retirement and early retirement with a health shock in the United Kingdom indicates that moving into retirement before the state retirement age more commonly occurs amongst those with greater levels of household income. The reverse is true in Germany where there is pro-poor early retirement and early retirement with a health shock.
Results for the hazard models of retirement for Britain are reported in Tables 2a and 2b . These models are estimated allowing for unobserved heterogeneity 21 . The first set of columns presents results for health limitations and the second, for our predicted latent general health stock measure. Models for men and women largely show the expected gradient over age categories, with the hazard of retirement increases rapidly as statutory retirement age approaches. Of the income and wealth variables only log household income (prior to the retirement year) appears to have a significant effect. The hazard of early retirement increases with household income, for men this is true regardless of which health measure we use, whereas for women the income variable is only significant for health limitations and not for the continuous latent health measure. The education and occupation variables are largely insignificant for men and women, although for men having higher education seems to decrease the probability of early retirement if we measure health using the health limitation dummy.
For men, the employment sector variables are positive and contrast against a baseline of self-employment.
Accordingly, the hazard of early retirement is greater for employees compared to the self-employed. The largest effect is observed for civil and local government, followed by the private sector and those employed in other sectors. The effects are reversed for women where the hazard is greater for the self-employed, however the effects are only statistically significant for the health limitations measure.
We also observe an effect of pension entitlements. These variables represent whether an individual has made a contribution into a private pension plan during the observation period and/or been a member of an employer's pension scheme. Compared to the baseline of a state-only pension, having a private pension is associated with around a 60% decrease in the hazard of retiring for men (75% for women). In contrast,
having an employer pension increases the hazard of retiring for men and women, but this is not significant.
For men if the spouse has a job the hazard of retirement is decreased by around 50% but this variable is not statistically significant for women. Marital status is not significant for either sex.
Our primary focus is the role of health. The health variables are lagged one period to avoid problems of simultaneity. We also condition on the first period health status so that the estimated effect of lagged health can be interpreted as a health shock. Further we consider the health of a respondent's spouse or partner.
For men we observe a large, positive and highly significant effect for health limitations. This implies that the hazard of retiring is greater for individuals experiencing a shock to health that leads to a health limitation.
For our constructed measure of underlying latent health (which is increasing in health) we observe a negative and significant coefficient implying that the retirement hazard increases as health decreases. For both models, while we observe the expected signs, the estimated coefficients on spousal health are not significant.
Results for the health variables for women are similar to men and quantitatively the hazard ratios are of similar size. Again, the effect of spousal health is not significant.
The health effects are quantitatively important when compared to the pension effects. For example, having a health limitation increases a man's chances of retiring early by 460%. In comparison, a private pension decreases his chances by 60% and working in the civil service or local government increases his chances by 850%. Clearly, the civil service/local government dummy is partly reflecting the effect of pension entitlement and early retirement options in this sector, which are not encapsulated by our relatively blunt pension entitlement dummy variables.
The hazard model results for Germany are shown in Tables 3a and 3b 22 . The first set of columns presents the results for models where SAH was used directly. The second set of columns presents the estimates obtained using the predicted latent health stock. Models for men and women show the expected gradient over age categories. No significant effect of higher educational attainment is found. For men, the industry sector of employment has some significant impacts on the early retirement hazard. Compared to the reference sector, mining, the hazard of retiring early is significantly lower for men working in the trade or 22 Models for women are estimated allowing for unobserved heterogeneity but those for men are not since the null hypothesis of no heterogeneity was not rejected and the results were unstable when heterogeneity was allowed for. services sector. No significant effect of industrial sector is found for women. Working in the civil service does not have a significant on the retirement hazard despite the generous pension entitlements and early retirement incentives available in this sector.
Being of foreign origin has a negative effect on the retirement hazard which is statistically significant for men. Household income has a significant negative impact on the hazard of retirement for men, but it is not significant for women. None of the other wealth proxies are significant.
The estimates for SAH are negative and statistically significant for all cases except excellent health for women. For the constructed measure of underlying latent health we observe a negative and statistically significant coefficient for men and women. No statistically significant effects are observed for spouse health or spouse employment status. Having a spouse increases the retirement hazard for men and lowers it for women but the effects are statistically significant only in the latter group. Table 4 reports the results of the Verbeek and Nijman (1992) tests for attrition bias. For the BHPS models the 'next wave' variable is not statistically significant and we find no evidence of attrition bias. The same is true for the GSOEP models for women. For the GSOEP models for men there is evidence that sample attrition is related to retirement behaviour. However, inclusion of the 'next wave' variable results in little change to the coefficients on the conditioning set of variables, indicating that although attrition is related to retirement, its effect is likely to be negligible.
Discussion
The most striking result from the above models is that, regardless of the way we measure own health, it is found to be a key determinant of the retirement hazard for both men and women in Britain and Germany.
The size of the health effect is large compared to the other variables, and in particular compared to the effects of pension entitlement in both countries. Indeed for the German models, despite the renowned generosity of the civil service pension, this variable is not statistically significant.
In most cases the baseline health measure is not significant but the lag is, suggesting that it is health shocks that are important rather than continual poor health. A 1 unit decrease in latent health is estimated to increase men's hazard of retirement by around 50% in Britain and around 20% in Germany, for women these figures are 55% and 45% respectively. The larger estimated effect of health in Britain may reflect increased incentives to utilise the disability route into retirement and this in turn may be due to an increased reliance on private sector pensions where people cannot access sufficient pension benefits before statutory retirement age and thus rely on other sources of income including disability insurance. However, it may also reflect the fact that it is easier for older workers with health problems to continue working in Germany. In 2002, Germany spent 0.3% of GDP on labour market programmes for people with disabilities compared to only 0.02% in the UK (Frerichs and Taylor, 2005) .
While the alternative health measures cannot be compared directly, they do confirm the relatively large effects of health and the fact that the effects are larger in Britain. In Britain acquiring a health limitation increases the hazard of retirement by a factor of 4.6 for men and 4.1 for women. In Germany, for men if health changes from fair to poor the hazard of retirement increases by around 35%, deterioration from good to poor would increase the probability by around 45%, and from excellent to poor by around 50%.
The variables used to represent pension systems appear to have a greater effect on the hazard to retirement in Britain than in Germany. Our models do not contain detailed information on pensions and this is common in the literature that focuses on health effects, since detailed health and pension information is rarely available in the same data sets. A recent Department of Work and Pensions survey found that people had a very low level of knowledge about their pensions, which may cast doubt on the need for detailed pension information for our modelling objectives (Humphrey et al., 2003) . Our main finding is that for both men and women in Britain the probability of retirement is reduced for people with a private pension. This result may be explained by the fact this group of older workers may have acquired private pensions at a relatively late stage in their working life in order to top up the state pension which they realised would be inadequate. Consequently as the benefits of private pensions are heavily dependent on the length of contribution period they encourage longer working lives for this group (Meghir and Whitehouse, 1997) . It is also the case that to a certain extent our employment sector variables will reflect pension benefits and early retirement arrangements. So that the large positive effect of the civil service/local government variable for men in Britain is explained by arrangements in that sector that are conducive to early retirement; these may reflect pension entitlements and specific early retirement schemes such as those available to teachers. It is more difficult to explain the statistical insignificance of the civil service pension variable in Germany, however this is a small group (roughly 4% of the sample) and also the effects of the generous pension might be offset by better working conditions, and thus less disutility from work.
These results should be interpreted in the light of the inequality analysis presented above, which showed that while the distribution of health shocks is pro-poor in the UK (i.e. health shocks are more concentrated amongst those at the lower end of the income distributions) early retirement is pro-rich, in contrast to Germany where both health shocks and early retirement are concentrated among those on low incomes. For
Britain, the income gradient in early retirement is offsetting the inequality in health shocks so that even though poorer individuals are more likely to have health shocks the combination of health shocks and retirement is 'pro-rich'. The income gradient may arise from the fact that the UK pension system is more reliant on private pension provision that Germany, and these benefits are heavily dependent on length of service and thus may deter people from retiring early. Only those who are financially well-off can afford to retire early. This is also supported by the significant positive effect of household income prior to retirement and the negative effect of private pensions. Only the financially well-off will be able to afford early retirement. The negative effect for higher education for men in the UK is somewhat counter intuitive to this as we would expect this to be positively correlated with income. However, it may reflect the fact that people with higher education are in jobs that they are less likely to want to retire from and it is consistent with the predictions of human capital theory that more highly qualified people remain longer in the labour market to extend the payback period on their investment.
For Germany the effect of household income (prior to retirement) in the econometric models is negative (and significant for males) confirming the results of the inequality analysis; those with higher incomes are less likely to retire early after controlling for health status and other characteristics.
Conclusion and policy recommendations
Germany and the UK share concerns about the sustainability of the public pension system and potential labour shortages arising from the ageing of the population. Debates have centred on encouraging people to work for longer but this has neglected the important role of the health of older workers as a primary determinant of whether or not they remain in the labour market.
Our findings suggest confirm that health is an important determinant of the decision to retire in the UK and
Germany. This is the case for both men and women and is observed for both latent health status and alternative health measures. The effects of spouse's health do not appear to be important but there is some evidence of an effect from having a working spouse.
The trend towards increasing early retirement has obvious fiscal implications as increasing numbers of older people become dependent on a shrinking working population. It can also be considered a waste of human capital if people with education and skills are leaving the labour force prematurely. Designing financial incentives to encourage people to work for longer may not be sufficient as a policy tool if people are leaving the labour market involuntarily due to health problems. Indeed, in this context, even raising the statutory retirement effect may have no effect if poor health is the underlying reason for inactivity.
Instead there is a need to improve the health of the workforce and to devote resources to facilitating continued work for people with health problems. More has been done in this regard in Germany than the UK, although it has not targeted older workers particularly (see Frerichs and Taylor, 2005) . Optimism may come from early evaluation of the UK Pathways to Work scheme for people on IB, which suggests that this has been more effective with older claimants than younger ones (Adam et al, 2006) . However, this programme only targets people who have already left the labour force whereas it may be more effective to design policy that helps older workers to remain economically active. Once individuals leave the labour 
